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Statement of Critical Regional Water Problems

The Gulf Coadt region (GCR) is perhaps one of the most flood prone aress in the
United States. This is even more true in Louisana where flooding is a regular annud
occurrence in one part or the other. For example, the 1995 related floods of southeast
Louisana and Missssppi clamed seven lives and resulted in property damage estimated
a over 3 hillion ddlars. Landfdling hurricanes occur frequently during the hurricane
season and cause extensve flooding and property damage. In 1992 hurricane Andrew
made a landfdl in Horida and Louisiana resulting in 58 deaths and caused over 30 hillion
dollars of property damage. These damages were attributed in part to the heavy rainfal
which caused extensive flooding.

The flooding patens ae gredly influenced by dimdic factors Climatic
anomdies such as El Nino dso affect the gpatid didribution of the amount and intengty
of ranfdl and its intengty. Laboratory experiments conducted in Canada, Europe and the
U. S; and field observations indicate that the speed, duration, and ared coverage of
dorms moving across a dranage basn exet condderdble influence on flood



characteridtics. This is especidly true in the Gulf Coagt region and in Louisana The
sorm movement is dso subject to dgnificant long and short term varigbility. However,
the effect of the sorm movement and its ensuing characteridics, such as direction,
duration, and partia coverage of the watershed have not been incorporated in hydrologic
modding and design. The usud practice in hydrologic modding and desgn has been to
consgder rainfdl storms to be dationary and covering the whole watershed. This is true of
the desgn of urban dranage facilities as wel as other civil works. Therefore, it is
reasoned that drainage works, flood control projects, and other civil works must be
desgned, taking into account the effect of storm movement, direction, duration and
gpatiad coverage. This would require a re-examination of the way desgn sorms and
design floods are computed.

Results, Benefitsand/or Information Expected

This project will lead to a methodology demondrating the dgnificance of the
direction, duration and ared coverage of moving storms on waershed runoff on both
gndl and large waersheds. Both urban and rurd watersheds will be included in the
project. The results so derived will be useful in desgn of drainage facilities, flood control
works and other civil works. The methodology will aso be useful in nonpoint source
pollutant transport, where flow of water or surface runoff is the primary agent for
trangporting pollutants. The results will demondrate that hydrologic modeing and design
procedures need a re-examination and re-evauation. A computer program for gpplication
of the methodology developed and for carrying our computations for storm movement
will be developed and made available.

The results of the project will provide a bass for revisng the procedures for
ranfdl-runoff andyses and consequent rationdization of hydrologic designs. This will
have dgnificant engineering and economic repercussons. The information so gained will
be of dgnificance in planning, desgning, evauaing and managing flood control and
evacuation works. In such projects, information on the lead time is of crucid importance
and indluson of gorm movement isvitd in accurately predicting thistime.

Nature, Scope and Objectives of Research

Flood events in Louisana are manifestations of processes which occur & multiple
tempora and spatid scales on a watershed. These processes are affected by a multitude
of factors, including physca watershed characteridtics, antecedent soil moisture
condition, and meteorology of dimaic events which cause flooding. A particulaly
complex issue is the spatid and tempord didtribution of the factors which contribute to
flooding. An important factor affecting the spatid didribution of flooding in Louidana is
due to the rainfdl produced by fronts. This is especidly true of cold fronts which can
produce dgnificant amounts of ranfdl causng extensve locdized flooding. The
intengity, speed and direction of these fronts are heavily influenced by weether conditions
over the Gulf of Mexico. For example a moving cold front can become a sationary front
if there is a high pressure sysem over the Gulf and when the high pressure system
disspates, the front starts to move again. These reatively abrupt changes in speed and



direction of the front result in rainfdl digtribution patterns which are nonuniform in space
and time. The asociated flooding patterns due to such ranfal events tend to be intense
and locd in nature and do not lend themsdves to Smple characterizations based on
daionary ranfdl fidds Traditiond hydrologic models which do not take into account
the effects of storm movement would perform poorly in predicting the tempord and
goatid digributions of flooding. This results in inaccuracies in the gpatid flooding
paiterns and explicitly affects prediction of locdized flooding.

A vast amount of research has been conducted on the effects of gptid
digribution of topographic and soil characteridics, as well as the didribution and
intengty of rainfal. However, mogst currently available flood hydrology models represent
the weether system associated with a particular flood as a gatic event. Thus, a particular
goatid and tempord didribution of rainfdl is chosen to represent the event and the
movement and the direction of the storm across the watershed is usudly not considered.
In fact, in most prevdent models employed by the Nationd Weeather Service for flood
forecadting, even the spatid didribution of ranfal is smoothed by the use of the mean
ared precipitation values.

A mgor drawback of most flood hydrology models currently employed is the
assumption that rainstorms are dationary and they fully cover the watershed under study.
This assumption is not vaid for the GCR and Louisana where the bulk of ranfdl is
produced by moving rangorms. The importance of sorm movement on generation of
surface runoff was recognized as early as 1964 by Maksmov (1964). Singh (1997a)
critiqued the dudies deding with the effects of sorm movement on flood hydrograph.
Storms may move in any direction depending on the loca weather conditions prevailing
a that time. The direction of ssorm may be downstream, upstream, across stream and
angular to dream. Andytical sudies conducted by Singh(1997b) show that a storm
moving downstream produces a higher pesk than a sorm moving upstream. The time to
pesk is longer for downdream moving storms than for upstream moving dorms.
Likewise, of the sorms moving downdream at different velocities, the sorm moving at
the velocity of flow produces the highest peak. Furthermore, the ared coverage-the extent
and location of the watershed area covered by the storm plays a critica role in flood
generation.

The effect of sorm movement and Spatid coverage is accentuated when
infiltration is dmultaneoudy incorporated in hydrologic andyses. Interestingly, this
effect conforms to what is observed in partid-area hydrology. The importance of storm
movement becomes even more criticd in case of loca flooding when the sorm duration
isshort.

Acknowledging the ggnificance of sorm movement on flood hydrology , the
objective of this research project is to develop a methodology for quantitatively
determining the effect of spatid, temporad, and directiond didribution of rainfal on
watershed flooding. Specificaly, the following specific objectives are defined:

1. To determine the effect of the direction of ssorm movement on watershed flooding



2. To determine the effect of partiad coverage by the storm on watershed flooding

3. To dmultaneoudy determine the effect of the direction and partid coverage on
watershed flooding

4. To develop acomputer program for accomplishing the objectives 1 through 3 above

5. To veify the results of objectives 1 through 3 above through smulation and
experimental and filed data

M ethods, Procedure and Facilities:

Spatid and tempord didribution of ranfdl is one of the main factors affecting
watershed runoff, and this didribution is dgnificantly affected by the direction and
duration of gorm movement. The direction of sorm movement can be distinguished as
upstream, downstream, across sream and angular to stream. Furthermore, the gpatid
digribution of rainfdl can encompass a broad spectrum of scenarios (1) The ranfal
gorm can cover only a portion of the watershed on the downstream sde. (2) The rainfal
gorm can cover only a portion of the watershed on the upstream sde. (3) The rainfal
gorm can cover different portions of the watershed. (4) The rainfdl occurs nonuniformly
over the watershed. For the same amount and tempora didribution of ranfdl, the
flooding patterns will be sgnificantly different from one scenario to the other.

Furthermore, when the movement of ranfdl is consdered Imultaneoudy with
infiltretion, the effect of sorm movement is even more accentuated. How much impact
there will be remains to be investigated. A methodology will be developed by usng the
kinematic wave theory which is an accepted tool for rainfdl-runoff modding these days.
Thus, the problem of quantitatively determining the effect of sorm movement will be
formulated as follows:

Congder a plane of length L, width W, and dope S. A sorm with a velocity of V
travels on aplane. Let the storm be of duration T and intensity g in space and time:

g=0,t<0;g>0, 0€t< T g=0,f2 T>0 @)

The continuity equation for planar flow can be written on aunit width basis as.
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where h is the depth of flow, Q is the flow discharge per unit width, x is distance aong
the direction of flow, t istime, and > is the time for which the sorm covers the plane
defined as
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in which V is the vdocty of rangorm. The kinematic depth-discharge reation is
expressed as

0= ah” )

where " is the kinemaic wave roughness parameter, and n is the kinematc wave
exponent. Equation (4) is a raing curve equation specidizing in standard flow equations,
such as Chezy’s, Manning's, Darcy-Weisbach’ Hazen-Williams, tc.

Equations (1)-(4) will be utilized to deveop a methodology for determining the
influence on watershed flooding of the following: (1) Storm direction-in which storms
may move upsiream, downstream, across stream or angular to stream on a watershed but
fully cover it. (2) Storm coverage-in which storms cover only a portion of the watershed
in a variety of ways. a portion downstream, a portion upstream, different portions on the
watershed, eic. (3) Storm direction and ared coverage- in which sorm direction and
patid coverage are Smultaneoudy considered. (4) The above three cases are combined
with the case when infiltration is Smultaneoudy considered.

The methodology will include three pats Fird, an andyticd trestment of the
effect of sorm movement and direction consdering the above cases will be derived. This
issue does not appear to have been reported in the literature. Most of  the studies reported
in the literature have ether been numericd or empiricad. Andyticd solutions provide
condderable indght into the relation between storm dynamics and flow dynamics By
comparing the flow due to a moving sorm with that due to a dationary sorm of the
same duration the influence of sorm direction and duration on flow hydrograph will be
investigated. Thiswill be done for partid coverage of the watershed by the storm.

Second, numerical solutions will be developed for the cases where the ranfal
gdorm has tempord vaiability. These solutions will be developed usng the Lax-
Wendroff scheme (Singh, 1976). Third, the andyticd and numericd solutions will be
veified usng smulation as well as the data reported in the literature. An atempt will
adso be made usng data from smdl watersheds in Louisana. Fourth, a computer program
will be developed to execute the methodology developed and made available for use.



The proposed modd can be easly adapted to model the spatid and tempora
digribution of rainfal due to fronts by incorporating such fronta characteristics as speed,
direction and westher conditions over the Gulf of Mexico. This modd can then be
coupled to a two dimensond ranfal-runoff model to accurately describe the flooding
patterns. The coupling of d models would conditute the subject matter for future
research.

Related Resear ch:

Maksmov (1964) recognized the importance of storm movement on surface
runoff and showed that the rainstorm movement dtered pesk discharge. In a laboratory
sudy Marcus (1968) showed the importance of the rainsorm movement to the time
digribution of surface runoff. There have since been a number of investigations deding
with the influence of sorm movement on watershed runoff. Singh (1997a) has given a
survey of such investigations. Roberts and Klingman (1970) found that the direction of
gorm movement might augment or reduce flood pesks and modify the hydrograph
recesson. Surkan (1974) observed that peak flow rates and average flow rates were most
sengtive to changes in the direction and speed of the rangorms.  Niemczynowicz
(1984ab) determined the influence of storm direction, intensty, velocity, and duration on
the runoff hydrograph and pesk discharge on a conceptuad watershed and a red
watershed in the City of Lund in Sweden

Yen and Chow (1968) undertook a laboratory investigation of surface runoff due
to moving raingorms.  Sargent (1981, 1982) determined the effects of storm direction
and speed on peak runoff, flood volume, and hydrograph shape. Stephenson (1984)
gmulated runoff hydrographs from a sorm travelling down a watershed. Jenson (1984)
determined the influence of storm movement and its direction on the shape, peak, time to
peak and other characteristics of the runoff hydrograph. Foroud et a. (1984) employed a
50-year hypotheticd moving raingorm to quantify the effect of its speed and direction on
the runoff hydrogreph. Ngirane-Katashaya and Whesater (1985) andyzed the effect of
gorm velocity on runoff hydrograph. Ogden et d. (1995) investigated the influence of
sorm movement on runoff. Singh (1997b) examined the effect of the direction of storm
movement on planar flow. In al of these dudies a sysematic treetment of the storm
movement and the various issues connected with it in surface runoff modeding has not
been developed and this project will attempt to do that.
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